INTRODUCTION {#sec1-1}
============

One of the major drawbacks of fixed orthodontic treatment lies in its need to fix complex appliances on teeth for considerably longtime, which hinder the plaque control regimen. Chemical plaque control agents become a mandate in such conditions. Chlorhexidine mouthrinse is found to be the most effective agent among the commonly used chemical plaque control agents, but its long-term usage results in several side effects. However, its long-term use is associated with increased staining and temporary taste disturbances.\[[@ref1]\]

The undisputed disinfection power of ozone over other antiseptics makes the use of ozone in dentistry a very good alternative or an additional disinfectant to standard antiseptics. Ozone therapy can activate the antioxidant system, helps in proper oxygen metabolism, induce a friendly ecologic environment, increase circulation, and also can modulate immune system. Ozonated water is not only proven to be an adjunct to scaling and root planning procedure\[[@ref2][@ref3]\] but also irrigation with ozonated water in gingival sulcus is shown to reduce microbial load on teeth even before the scaling and root planning (SRP) procedure.\[[@ref4]\]

The current study is to evaluate the clinical effects of subgingival irrigation with ozonated water on gingival inflammation in patients undergoing fixed orthodontic treatment, where mechanical plaque control means are partially hindered. The literature review on this kind of studies showed no long-term studies that evaluated the progress at frequent intervals.\[[@ref2][@ref3]\] Split-mouth studies done previously compared two chemical agents which could have resulted in overlapping of the results.\[[@ref3]\] Thus, a study with a rationale to overcome these limitations was required to elucidate the effect of ozonated water irrigant.

Aim {#sec2-1}
---

This study aims to evaluate the effect of ozonated water as a subgingival irrigant in controlling gingival inflammation in patients undergoing fixed orthodontic therapy.

The objectives of study {#sec2-2}
-----------------------

To ascertain whether ozonated water jet irrigation alone without mechanical plaque control measures can cause reduction in gingival inflammationTo compare ozone therapy with a control group of normal saline irrigation in controlling gingivitis during fixed orthodontic treatment.

MATERIALS AND METHODS {#sec1-2}
=====================

A longitudinal study was performed on 28 fixed orthodontic treatment undergoing patients. Sample size was calculated by Winpepi software which is having 5% of significance level and 90% of power.\[[@ref5]\] The patient selection was limited to people who had completed 1 year of treatment and within an age group 13--22 years. The cases were selected from the patients who seeked treatment at the Department of Orthodontics at the study-conducted institution. Written informed consent was taken from each patient under study and ethical clearance for the study was received from the Institutional Ethical committee.

Inclusion criteria:

Patients who had completed 1 year of fixed orthodontic treatmentPatients with baseline, mild-to-moderate gingival index\[[@ref6]\]Systemically and physically healthy individualsPatients who have not received any antimicrobial therapy for the past 3 months

Exclusion criteria:

Patients with clinical attachment loss with severe gingival index scores were excluded\[[@ref6]\]Patients with any kind of enamel anomaliesSmokers, pregnant women, and patients with systemic disorders.

In the first visit, the procedure was explained to patients and consent to be a part of the study was obtained. A detailed case history including the periodontal status of the patient was assessed using the plaque index,\[[@ref7]\] gingival index,\[[@ref6]\] clinical attachment level,\[[@ref8]\] and gingival bleeding index.\[[@ref9]\] The periodontal assessment was done by a trained and calibrated dentist. It was a double-blinded study. In the second visit, full-mouth scaling was done for each person. Oral hygiene instructions were given.

After 2 weeks, the patients were recalled, and gingival crevicular fluid (GCF) sample was collected with a microcapillary tube by a trained periodontist and sent for the estimation of baseline aspartate aminotransferase (AST) level in it. AST is an inflammatory biomarker, released from injured and dead cells into extracellular fluid and can be readily assayed in serum, tears, and GCF. After GCF collection, gingival index scoring was performed at both the sides to assess the gingival inflammation by the dentist.

Split-mouth evaluation technique was planned with the upper right quadrant as the test side where ozone irrigation was done and the upper left quadrant as the control side where saline irrigation was done. Initially, the subgingival areas of the left upper quadrant were irrigated by saline through an air--water syringe. The test area was then irrigated with ozonated water through ozone water jet (Kent Ozone dental TY 820). The ozone irrigation was set in a mode 4 so that it equalizes with the air water syringe pressure. A total of 900 ml of ozone water was used to irrigate on test side and same quantity of saline irrigation was used on the control side each time. The overflowing irrigant was evacuated with high-power vacuum suction to prevent it from reaching the control site. Quadrilateral side was isolated with cotton rolls. The method of ozone water and saline irrigation is described in Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}.

![Saline irrigation through air--water syringe with modified nozzle done by 22-gauge needles](JISP-21-484-g001){#F1}

![Ozone irrigation with split-mouth technique](JISP-21-484-g002){#F2}

At the fourth visit (1 month following first irrigation), the GCF samples were collected from the same areas for estimation. Gingival index scoring and the irrigation were repeated in the same manner. Following this, the patients are recalled at 2^nd^, 3^rd^, and 4^th^ month GCF collection; GI examination and irrigation with respective agents were repeated. Figures [3](#F3){ref-type="fig"}-[6](#F6){ref-type="fig"} show pre- and post-operative treatment of two cases.

![Case 1 -- preoperative](JISP-21-484-g003){#F3}

![Case 1 -- after 4 months](JISP-21-484-g004){#F4}

![Case 2 -- preoperative](JISP-21-484-g005){#F5}

![Case 2 -- after 4-month irrigation](JISP-21-484-g006){#F6}

GCF sample of 1 μL was collected from the area around the premolar region so as to standardize the area of sample collection on both test and control site. GCF was collected by a volumetric microcapillary tube placed passively at the entrance of gingival sulcus, without inducing any stress on the tissue. This was immediately transferred to Cryovial containing 99 μL of phosphate-buffered saline stored in the refrigerator. The container was labeled with patient code, stored at 4°C and was transported to the laboratory on the same day. The AST level was estimated biochemically by the International Federation of Clinical Chemistry and Laboratory Medicine method without pyridoxal phosphate using the principle of Kinetic determination of AST activity.\[[@ref10]\]

The results were subjected to statistical evaluation and were used to intercompare the inflammatory status of gingiva in patients using test and control group. Dependent *t*-test was used for paired samples, and correlation was found by Karl Pearson\'s technique.

RESULTS {#sec1-3}
=======

Twenty-eight patients comprising 14 females and 14 males, aged between 13 and 22 years (mean 16.8 years) who had completed 1 year of their fixed orthodontic therapy were enrolled in this study. Three of them could only undergo examination till the third visit; however, their obtained data till the time they attended, were included in the analysis.

GCF-AST was estimated at definite intervals from baseline at 1^st^, 2^nd^, 3^rd^, and 4^th^ month in both the test and control sites \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\]. At the test side, there was a gradual reduction in GCF-AST levels at various intervals. However, at the control side, there was gradual progression in GCF-AST levels. A statistically significant difference (*P* \< 0.05) was observed in the GCF-AST level between the test and control sides at 90^th^ day and 120^th^ day.

###### 

Gingival crevicular fluid-aspartate aminotransferase level (μUL) of baseline, 30^th^, 60^th^, 90^th^, and 120^th^ day at test side and control side

![](JISP-21-484-g007)

###### 

Paired samples test of gingival crevicular fluid-aspartate aminotransferase level (μUL) at test and control side

![](JISP-21-484-g008)

Gingival index was found to gradually reduce at test side consistently throughout the study, whereas at the control side, it did not exhibit much of a difference after the 30^th^ day. There was statistically significant (*P* \< 0.05) difference between the gingival index of test and control side at each intervals of 30, 60, 90, and 120 days \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\].

###### 

Gingival index of initial visit, baseline, 30^th^ day, 60^th^ day, 90^th^ day, and 120^th^ day at test side and control side

![](JISP-21-484-g009)

###### 

Paired samples test of gingival index at test and control side

![](JISP-21-484-g010)

Pearson\'s correlation technique was used to test the direction and strength of the relationship between GCF-AST and gingival index \[[Table 5](#T5){ref-type="table"}\]. On the 30^th^ day, though the test side exhibited a positive correlation between GCF-AST and gingival index, the control side showed a negative correlation at this point. However, there was a significant (*P* \< 0.05) and positive correlation observed on 90^th^ and 120^th^ day between the parameters at control side, a negative correlation was found at 60^th^, 90^th^, and 120^th^ day at the test side.

###### 

Correlation of gingival crevicular fluid-aspartate aminotransferase with gingival index of test and control side

![](JISP-21-484-g011)

DISCUSSION {#sec1-4}
==========

The action of ozone water irrigation was found to be comparable with several current techniques available in controlling plaque accumulation and gingival inflammation. Following 30 days of scaling and root planning and irrigation with test and control agents, there was a statistically significant difference of *P* \< 0.05 in gingival index which reduced more at the ozone-irrigated region. This observation was in accordance with Ramzy *et al*.,\[[@ref5]\] Kshitish and Vandana,\[[@ref1]\] Dodwad *et al*.,\[[@ref11]\] Patel *et al*.,\[[@ref12]\] Hayakumo *et al*.,\[[@ref13]\] and Katti and Chava.\[[@ref14]\]

At 90 days, the gingival index reduction was observed similar to the study conducted by Yilmaz *et al*.\[[@ref15]\] But here, the changes in the clinical parameters at ozone along with SRP side was compared to that of the erbium-doped yttrium aluminum garnet laser (Er: YAG) laser. It was interesting to note that the authors of this study claimed that, the antimicrobial effect of ozone was found to be equivalent to that of Er: YAG laser. The study done by M Y M Shoukheba and SA Ali showed improvement in all clinical parameters in group following treatment with SRP and ozonated olive oil gel group, and also observed that it was maintained up to 6 months (*P* \< 0.05).\[[@ref16]\] The result of this study as shown in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"} support this finding.

Action of ozone is made possible by the production of reactive oxygen species and lipid oxidation products. Ozone is believed to oxidize biomolecules, disrupts microbial cell structures and metabolism, and is also found to disrupt microbial cell wall which leads to immediate cell lysis. An ozone application of 10--20 s has been reported to eliminate more than 99% of the microorganisms found in dental caries and associated biofilms.\[[@ref17]\]

Supporting this hypothesis, in the present study also at ozone irrigated site, it showed a positive correlation between the GCF AST and gingival index at 1^st^ month, but the changes were not statistically significant. There was no significant correlation in the follow-up period at 2^nd^, 3^rd^, and 4^th^ month in ozone-irrigated site. This result is in accordance with the study of Dhingra and Vandana\[[@ref2]\] and Wolff *et al*.\[[@ref18]\] where they found an absence of significant correlation between changes in GCF-LDH levels and gingival index at the end of the 1^st^ month. At the saline-irrigated site, there were positive and significant changes that occurred at 3^rd^ and 4^th^ month. Although there was an initial reduction in GCF-AST and gingival index, the values increased in due course of time.

This study was different from those of its kind done previously and was designed to overcome the aforesaid limitations as observed in review of literature. The studies similar to the present study were limited to 2--4-week period only and a long-term evaluation of its effect is mandatory to assess the clinical efficacy of a chemical irrigant. Few studies similar to the present study were designed to compare effect on different group of patients, and the present study was designed as a split-mouth study to overcome this limitation. Some studies considered split-mouth design, but the test agent was compared with other antimicrobial agents which would have indirectly affected the outcome of the study. The studies done on similar equipment that delivers test agent through a jet was compared with control group that was delivered through irrigation syringes that did not possess jet. In the present study, both control and test group were delivered through jet technique. In addition to the clinical parameters, the study also substantiates its clinical effects with an inflammatory biomarker, AST through its enzyme activity in GCF of the irrigated areas.

Thus, this study has been successful in reducing most of the errors that would have affected its result. However, this research work can be continued with presently available biomarkers in GCF for better evaluation of the treatment outcome. Also by evaluation of changes in pocket depth, conducting a longitudinal study from the very beginning of orthodontic treatment and the changes that occur after discontinuing the ozone therapy are few regions that require further research.

CONCLUSION {#sec1-5}
==========

The result of the study supports the usage of ozonated water through jet irrigation in effectively reducing gingival inflammation even without the aid of SRP in patients wearing fixed orthodontic appliances. To conclude, the observations of this study consider this device as a valuable tool in controlling gingival inflammation in cases of patients undergoing fixed orthodontic treatment and recommending it as a professional irrigation device that could be used for irrigating subgingival areas in patients wearing fixed orthodontic appliances.
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